A laser ion source (LIS) has been designed and successfully tested for loading the The ion beam is transported into the EBIT, decelerated and captured within it by switching the trapping electrode potentials. The electron beam further ionizes the trapped ions to the desired highly charged states. The experimental setup is described together with the source parameters measured for different target materials. X-ray spectra of up to He-like highly charged ions (Cu, Mo, Pb, Al, and Ge) produced in the EBIT after injection from the LIS have been measured. The reliability and convenience of this method allows the use of the LIS to produce highly charged ions of both insulating and conducting solid elements with an EBIT as needed for different experiments.
Introduction
The electron beam ion trap (EBIT) [1] has become one of the premier tools used in the study of highly charged ions. The Heidelberg EBIT [2, 3] has been designed as a combination of ion trap and ion source, employing a magnetically compressed beam of electrons to both confine and ionize the desired species within the trap. The resulting highly charged ions can then be observed through x-ray, UV, and visible spectroscopy, or extracted as an ion beam and delivered to an external experimental station for cold target recoil ion momentum spectroscopy (COLTRIMS) [4, 5] .
The number of elements, which can be loaded into an EBIT, and consequently studied, has always been restricted by the available atom or ion sources. Since working with solid elements usually requires the use of ovens, which can cause numerous difficulties in the ultra-high vacuum environment of an EBIT, gases are typically leaked into the trap to serve as the source. Spark-or arc-type sources, such as the metal vapor vacuum arc (MEVVA) [6] , require frequent maintenance and are limited to conducting materials. Another, more flexible method is to use a laser to produce a plasma by the ablation of a solid target.
A laser ion source (LIS) has many properties, which makes it suitable for loading an EBIT. Most notable is the versatility of producing ions from a variety of atomic species, since almost any solid material can be used as a target. In addition, the plasma can be oriented along an extraction axis and the plasma generation times are short, which may be necessary for both fast injection into and extraction from the trap. Finally, a LIS does not require any carrier gas, which can act as a contaminant to the required ultra-high 25. 10.2002 vacuum. For these reasons, a LIS has been designed and constructed for the production and injection of ions into the H-EBIT [7, 8] .
The principle of the LIS operation is based on plasma generation from a powerful laser beam focused on a target [9] . The subsequent expansion of the plasma into vacuum and the pulsed extraction of ions from the plasma in the acceleration gap formed by two grid electrodes produce a beam of ions. A schematic diagram of such an ion source is shown in figure 1 . The target material is explosively evaporated when the laser beam intensity exceeds the necessary ablation threshold that is typically on the order of 10 8 to 10 9 W/cm 2 , depending on target material. A dense, hot plasma is formed close to the target surface, growing until the plasma density becomes too great for the laser to penetrate. The plasma then starts to expand into the vacuum where recombination processes occur, due to the high electron density, before the ion charge state distribution is frozen from the subsequent fast decrease in the plasma density. The plasma expands preferentially in a direction normal to the target with a typical velocity of about 10 6 cm/s, with greater velocities for more highly charged ions. A typical time-of-flight spectrum for the Cu target is shown in figure 3 . Here, the power density was about 10 9 W/cm 2 and the detector (channeltron) was located at a 50 cm distance from the target. Though most of the Cu ions were found to have a charge state of +2, singly and triply charged ions were also clearly extracted. Using the extraction grids as charge collectors, the plasma pulse duration was estimated to be around 10 µs in the extraction gap, giving a mean plasma velocity of 1.6×10 6 cm/s for the Cu targets. Shot-to-shot variations of the ion yield were observed at the level of ± 10 %.
Results of Injection into the EBIT
During the experiments of loading the ions from the LIS, the EBIT was used for
x-ray diagnostics of the trapped highly charged ions and for studying the dielectronic 25. For all of the targets used, a noticeable increase of the characteristic x-ray radiation from the corresponding ions was detected after injection. As an example, figure 4 shows the dependence of the Ge K α -line on the electron beam energy as obtained 25.10.2002 with the injection of Ge ions into the EBIT. The electron beam energy was varied in a range from 6 to 12 keV during the experiment.
The application of a LIS to load the H-EBIT has been successfully shown. In the specific case of the DRR experiments, the trap and LIS worked without any interruption for more than 5 days. No significant changes in the number of trapped ions were observed, confirming the long-term stability of the LIS operation. In addition, no changes in the residual gas pressure were observed.
Summary
A laser ion source has been designed and constructed for loading ions into the Heidelberg EBIT. Off-line measurements were done to characterize the LIS operation. 
